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Abstract 
Nowadays project implementation and management organized based on updated technology and arrange with reduce 
risks and costs concepts. In this article, due to innovation in implementation and management of projects effective 
use of Failure Modes and Effects Analysis (FMEA) technique has been proposed. FMEA technique is a systematic 
tools based on team working which usually can be used for identify, prevent, eliminate or control of potential errors 
causes in a system/ process/project. In the present article, after introducing the functions and aims of FMEA 
technique, using of this technique has been described in the implementation and management of projects. The main 
end of this article is using FMEA technique in various stages of project implementation in order to systematically 
improvement of processes and reduces project costs. 
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1. Introduction 
In times of increasing global competition, the success of projects becomes more decisive to an 
organization’s business performance. However, many projects still present delays, changes in their scope, 
failures and, some might be cancelled [1]. Therefore, the use of scientific methods has been increased to 
identify risks and prevent failure of the project. As a general rule, those problems may occur due to 
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inefficient management of project risk. Managing risk has become fundamental to successful project 
management [2]; however, techniques and tools for risk management that have been developed and used 
to increase the chances of project success are not yet widespread or generally applied [3]. The existing 
methods of risk assessment are appropriate for assessment hazards and their results can be used for 
management and decision making without concerning about control and decrease of its consequences. 
Each industry depending on own needs can take advantage from these methods. These methods have their 
advantages and disadvantages.  
On the other hand, with regard to the construction project is very expensive, so use of these methods 
will play an important role in perform better. One of the most famous of mentioned methods is Failure 
Modes and Effects Analysis (FMEA). FMEA technique, systematically identify activities which can 
reduce or eliminate the chance of potential error occurrence and will manage on the implementation and 
documentation of these activities. Usually acceptable level of risk varies for each organization or person 
and depends on the economic and financial resources, technological constraints, discretion experienced 
human factors and management decisions.  
Organizations usually require the system which can help in risk status, determine criteria risk and 
determining the precise risk processes other than assessment activities and processes. It should be 
mentioned that the efficient system in each industry is different based on nature and complexity of 
activities.  
This paper will create innovation by using the FMEA technique in civil projects that with regard to the 
financial resources, the need to qualitative or quantitative information, time and human resources 
limitation can identify and priority critical defects before these defects cause damage.  As a result, 
improvement programs and preventive actions can be done before starting the project using FMEA to 
avoid wasting resources and time and prevent accidents and risks to employees and employers execute the 
projects efficient and effective. 
2. FMEA 
2.1. Literature Review: 
Failure mode and effects analysis (FMEA), The tool was first proposed by NASA in 1963 for their 
obvious reliability requirements. Since then, it has been extensively used as a powerful technique for 
system safety and reliability analysis of products and processes in a wide range of industries – particularly 
aerospace, nuclear, automotive and medical [4]. FMEA in 1970s was used in nuclear establishments and 
since 1977 was implemented in the automotive industry. Citroen Company for the first time has used this 
technique and then Peugeot Company used FMEA from 1980. Now, this technique is usefulness for all 
organizations.  
FMEA is an easy to use and yet powerful pro-active engineering quality method that helps to identify 
and counter weak points in the early conception phase of products and processes [5]. In other words, this 
method can reduce disaster errors which cause severe damage to the organization; though maybe that 
there are not tangible. When applying FMEA, each component is examined to identify possible failures. 
Three measures are considered [6]: the probability of failure occurrence (O), the impact or severity of the 
failure (S), and the capacity to detect failure before it occurs (D). The multiplication of these measures 
generates the RPN. 
2.2. The functions and objectives of FMEA 
One of the best features of FMEA is its action manner rather than reaction in dealing with failure. In 
other words, this is an action before failure rather than after; because usually a lot of money will spend to 
resolve problems and damage caused. Amount of damages will be maximizing if the cause of the error 
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defining error in the system and collecting information related to it 
Despite the potential risks 
Checking the effect of each risk 
Determine any risk factors 
Survey the control processes 
Find the possibility of rate risk 
Calculate RPN  
Does the reform is needed? 
corrective actions Proposed 
Determine the responsibilities and duties 
reform process According to Corrective action 
Find the rate of 
deterioration 
Find the 
probability 
rate 
report 
Data correction 
Figure 1. cycle implementing FMEA techniques 
originated from the design stage. Also, in order to enhance efficiency the FMEA will be performed before 
the main factor of design and processing errors is logged into the system. Because every time and cost 
that spent to accurate and comprehensive implementation of FMEA has made this possible that can do 
every changes and reform simply and with low cost. FMEA can be described as a set of organized 
activities that are used to following purposes: 
 
 Identification and estimation of potential errors in a product or process and outcomes results from 
these errors. 
 Determination of activities which can reduce or eliminate probability occurrence of potential errors. 
 
2.3. Mechanisms of FMEA 
Before anything we need to know that what would cycle activities or Process of procedure in this 
method be to done stages of FMEA completely engineering and precise with keep pace with this cycle. 
Therefore, this process is represented with priority and regency of processes in Figure 1. 
 
In order to perform this method, the FMEA team should be formed including experienced engineers 
and familiar with project process and also experts who have the most understanding of the product/ 
process. One of the benefits of this team working is that each activity is defined always will be agree by 
all the organization units. These teams are responsible for all related activities from the first stages until 
421 Mahdi Bahrami et al. /  Procedia - Social and Behavioral Sciences  41 ( 2012 )  418 – 425 
 
implementation of proposed actions and survey their results and finally competition of FEMA. Then, 
tasks of FMEA team is described in detail till final stage. 
3. Collecting information about the process and determining potential risks, causes and effects 
The first and most important task of FEMA team is collect information about the project or process 
that should be fully identified and implementation of activities and processes carefully be surveyed. Also, 
all of potential risks such as environment, equipment, materials, human and etc should be considered. In 
order to collect accurate, useful and comprehensive information about the considered project, we can get 
help through interview with informed and skilled people, practitioners, administrator’s workshops and 
warehouses. Also, brainstorming method can be used for understanding about performance and risks 
associated equipment, warehouse and workshop environment. The use of scientific resources such as 
articles, books and Internet are also other useful and helpful ways. 
Then, a list of errors, their causes and conceivable mechanism should be provided and the causes must 
be possible completely and briefly. Similarly, adequate knowledge of the evaluation area can help to 
identify the reasons for the creation of risk. In order to better assess risks, we should pay enough attention 
to documents, operation standards, requirements and regulations governing the workplace and the 
working conditions. 
3.1. Deterioration rate (Severity) 
Severity or deterioration of risk is only considered in its "effect"; reducing the deterioration of risk is 
only possible through changes in process and how to do activities. There are a few quantitative factors for 
this deterioration of risk that is expressed on a scale of 1 to 10. The ranking severity is shown in Table 1 
by the priority order. 
3.2. The possibility of risk rate (Detect) 
Probability of detection is a kind of assessment that exists for identify a cause/ mechanism of risk. The 
team must use an evaluation criterion and rating systems even if some changes be necessary in special 
cases. The best determine controls those that are done during the process of the development projects in 
the earliest possible time. Also, the team should review potential risks scores after scoring and ensure that 
the rating is still remains. Although FMEA prioritises more critical failures, it also requires an analysis of 
each component of a system and this might be time consuming for the available resources[7]. 
 
 
3.3. The probability of event (Occurrence) 
Occurrence is the probability emergence of a specific cause or mechanism. In other words, the 
probability of occurrence specifies that a potential error occurred with what frequency. The probability of 
occurrence is assessed based on a 1 to 10 that to achieve this number, survey previous Records and 
documents, check the control processes and labor laws can be helpful. Also, prevention or control of one 
or several mechanism errors is the only way that can decrease the occurrence of the degree through 
establishing change in plan or change in design process such as checklist of design, design review, design 
guidelines and etc. So, only with eliminate or reduce the causes or mechanisms of each hazard can hope 
reduce the number of occurrence that the probability values have shown in Table 2. 
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Table 1. rankings of severity indices[8]                                                           Table 2. rankings of occurrence indices[8] 
 
In order to calculate the RPN number, FMEA team should multiply Severity (S), Occurrence (O) and 
Detect (D) after achieving these values. In fact, Equ.1 represents how RPN number will be calculated: 
RPN= (S)×(O) ×(D)                                                                                                                (1)  
 
RPN value can vary between 1 and 1000 and errors or failures will prioritize according to their 
numbers. Errors or failures with high risk priority preference to analyze and resource allocation and the 
team should be focus on errors that have a higher RPN number. RPN is actually a marker for separating 
acceptable and unacceptable risks for considered system. In fact, errors that have a higher RPN number 
than attribute is unacceptable and the other called an acceptable risk.  
However, the fundamental problem of FMEA is that it attempts to quantify risk solely through RPN 
computation without adequately quantifying the factors that contribute to risk[9]. This point can be a 
criticism into the accurate of FMEA method. This method focuses on errors that have a high RPN 
number; while it is possible that errors with low RPN number have one or two factors (especially the 
severity and probability) with high value and does not be consider. The mentioned point is very important 
especially in prioritize and allocate resources and focus on them.  
Generally, regardless of the RPN number, should pay special attention to ensure the definition of 
existing design control or preventive/ corrective actions. To prevent of errors, Precautionary/correction 
actions should be define through elimination, reduction or control of their causes, if the identified effect 
of potential errors may be a danger to the ultimate consumer. After priority and identify the important of 
each errors, the team can advice some solutions to reduce or eliminate identified errors through regular 
meetings. Corrective actions should be performed for the following purposes after determining RPN: 
 Eliminate the base of risk  causes 
 Reduce the severity of the error 
 Increase the chance of discovering in the process 
 Increase job satisfaction  
Also take corrective actions with appropriate follow up actions is important. There are several ways to 
ensure from implementation of the proposed actions including the following: 
: Review the plans, processes and designs to ensure of the implementations. 
: Integrated change in the documents of design /assembly/manufacture.   
If the executive team has finished well all the last stages, the main work of this team will begin. In the 
other word, if the FMEA team cannot take some actions to eliminate or reduce these cases, in fact, do not 
act any useful activity but only lots of financial costs be imposed.  
In order to tangible understand of this method and the limitations in presented, just a practical example 
of civil activities area in Excavation stage will examine. What make this subject more important are the 
rank Effect 
10 Hazardous 
9 Serious 
8 Extreme 
7 Major 
6 Significant 
5 Moderate 
4 Low 
3 Minor 
2 Very minor 
1 None 
rank Possible failure rate Probability of failure 
10 >1 in 2 Extremely high: failure 
almost inevitable 
9 1 in 3 Very high 
8 1 in 8 Repeated failure 
7 1 in 20 High 
6 1 in 80 Moderately high 
5 1 in 400 Moderate 
4 1 in 2,000 Relatively low 
3 1 in 15,000 Low 
2 1 in 150,000 Remote 
1 < 1 in 1,500,000 Nearly impossible 
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events and accidents in human and financial area that usually occurs in construction sites due to not 
considering basic principles of Excavation.  
one of the important and greatest concerns in urban constructions includes the security and protecting 
the adjacent buildings next to the excavation sites. If the necessary appliances or procedures are not used 
or considered in protecting the excavation and the adjacent structures, then irreparable losses will arise, 
such as the reduction of loading capacity, great subsidence and the deformation. In order to prevent such 
problems it is needed to provide a secure and stable condition for protecting the adjacent construction. 
With the development of urban construction, small and large excavation has become common. 
Unfortunately, sometimes see partial or total failure of pit walls or the buildings that were near the pit. 
These events clarify to require careful planning and good domination to good performance. Causes of 
failure in the soil are very important. So usually use the stabilization methods to prevent some events like 
following: 
o Prevent loss of life and property damage into and out of pit 
o Create suitable conditions for the excavation construction 
In order to meet these needs, increasing the excavation depth is unavoidable act that this will increase 
the possibility of instability and collapse. FMEA table and necessary parameters for Excavation stage is 
given in Table 3. 
 
Table 3. An example of FMEA completed form in the excavation stage 
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Vertical 
displacement 
 
8 
There is over 
load(stress) near the 
pit (there is a hotel or 
a house) 
9 
Perform excavation step by 
step and depth of each step of 
excavation is 1 to 3 meters 
 
7 504 
Horizontal 
displacement 
 
9 
The soil is weak (the 
cohesion and  internal 
friction is low) 
10 Using SPT or CPT test to determining type of the soil 9 810 
Cracks in the wall 
of neighbouring 
building 
7 
There are weak layers 
and lenses in loose 
soil 
8 
Use the kind of machine with 
low vibration in sensitive soil 
 
5 280 
Subsidence in the 
neighbouring 
building 
 
6 
rise the Underground 
water  cause of 
shower or any reason 
6 
Estimate amount of the rain 
in the region according to the 
season , locate underground 
water level 
(if   needed, control the water 
level by the  mentioned 
methods) 
9 324 
Collapse total wall 
excavation due to 
collapse partial of 
wall excavation 
10 
The weak 
earthquakes 
or  strong  vibration 
8 
Stabilization the wall 
excavation with nailing or 
anchorage systems 
 
10 800 
rubble remain of 
Workers due to 
falling pit  
 
9 
Create dynamic 
motion around the 
excavation (due to 
vibration drilling) 
4 
Use  shotcrete method and 
other temporary  stabilization  
ways 
 
 
6 216 
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Given the aforementioned issues, in order to create a secure and stable environment inside the pit, 
identify preventive ways or minimize the risk of instability in pit is necessary. Also, the protection of 
adjacent buildings using updated and applicable techniques is essential and important. Among them, the 
role of FMEA method is very important and can be provided to engineers of this field. Now, must take 
into account corrective and preventive actions in order to improve in implementation of the excavation 
project using RPN numbers. In the following, some prevent actions before starting excavation have 
briefly introduced after prioritization: 
 
o Determine the location of water wells around homes and drain excavation local wells.  
o Check the foundation of the adjacent buildings (single or foundation). 
o Surveying adjacent building in terms of date of building making, number of  floors and 
construction status (such as presence or absence of vertical and horizontal coils, the surrounding 
walls situation, building mortar used in construction, kind of roofing and etc). 
o Go to the geotechnical book site (in order to determine the type of soil, groundwater level, soil 
parameters and etc). 
o Check the status of urban utilities system (water pipes, gas and etc) related to site and neighbors. 
 
Also, in order to cope with the loss of pit can use variety of engineering methods as corrective actions 
include of Anchorage system, Nailing system and control surface water. 
 Anchorage system method 
A common application of ground anchors for highway projects is for the construction of anchors walls 
used to stabilize excavation and slops. A prestressed grouted anchor is a structural element installed in 
soil or rock that is used to transmit an applied tensile load into the ground. Grouted ground anchors, 
referenced simply as ground anchors, are installed in grout filled drill holes. Grouted ground anchors are 
also referred to as “tiebacks”. The basic components of a grouted ground anchor include the: (1) 
anchorage; (2) free stressing length; (3) bond length. The anchorage is the combined system of anchor 
head, bearing plate, and trumpet that is capable of transmitting the prestressing force from the prestressing 
steel to the ground surface or the supported structure. 
 Soil nailing method 
Soil nailing consist of the passive reinforcement of existing ground by installing closely spaced steel 
bars, which are subsequently encased in grout. As construction proceeds from the top to bottom, shotcrete 
or concrete is also applied on the excavation face to provide continuity. Soil nailing is typically used to 
stabilize existing slopes or excavations where top-to-bottom construction is advantageous compared to 
other retaining wall systems. 
 Surface water and ground control 
Dewatering measures during construction include, as minimum, the control of surface water runoff and 
subsurface flow associated with either perched water or localized seepage area. A surface water 
interceptor ditch, excavated along the crest of the excavation and lined with concrete, applied during the 
shotcreting of the excavation lift, is a recommended element for controlling surface water flows.  
 
Additionally, if the design engineer believes that the groundwater impact  are localized or shot-term 
condition, wells or well point installed beyond the length of the nails may be used temporarily to lower 
the groundwater table. However, this approach may result in much higher construction costs and delays. 
Other way is used geocomposite drain strips, these elements are strips of synthetic material approximately 
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300 to 400 mm wide. They are placed in vertical strips against the excavation face along the entire depth 
of the wall. 
4. Conclusions 
FMEA is a systemic approach that initially identifies errors, defects and failures which exist in the 
system/process/project. Secondly, by adopting proper decisions are intended to remove them. Due to this 
fact, FMEA is named as one of the very important and practical tools for continuous improvement in 
product quality and service companies. Since quantitative methods have always a special place in the 
management and scientific studies, such methods should be used in other engineering disciplines 
including civil engineering and construction projects. This could be a connection between fields and 
caused more use of engineering tools and consequently cause reduces labors, time and financial costs.  
According to the proposed actions in this article to prevent or reduce projects errors and failure, expect 
this is an area for future research in analysis, examination and finally future development. Using such 
methods can result saving money and time. Engineers and contractors in construction activities certainly 
can do some changes for improving life-cycle cost estimate with a full implementation of proposed 
method base on FMEA. Also, they can prevent possible cost due process, system and its components 
errors through focus on efforts on the root causes of failure.  
In order to better utilization, researchers, contractors and civil engineers can save time and money 
through proposed preventive and corrective actions, quantization delay factors and finally calculate and 
compare obtained RPN numbers. It should be mentioned that engineers and employers of different 
projects should try to produce the greatest improvement with spend less resources. This high efficiency 
will not be possible except through the prioritization of defects, based on reliable scientific data, so that 
corrective actions are taken to be as competent and efficient planning 
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